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PREFACE. 


Early  in  the  year  1881,  I  read  two  papers  before  the 
Chemical  Society  on  the  "  S;>Tithesis  of  Ammonia," 
which  are  published  in  the  "  Chemical  Society's  Journal" 
for  Mai-ch,  1881. 

Siace  that  date  I  have  read  two' papers  on  the  same 
subject  before  the  Chemical  Society,  and  one  before 
the  Royal  Society,  which  have  not  been  published. 

The  reason  of  this  is  not  far  to  seek.  My  researches 
have  not  produced  results  which  are  of  sxifficiently 
con'idncing  nature  to  force  the  acceptance  of  my  con- 
clusions upon  the  scientific  mind,  and,  in  the  absence  of 
such  compulsion,  they  are  little  likely  to  receive  tmiversal 
acknowledgment,  opposed  as  they  are  to  preconceived 
ideas  and  theories.  Indeed,  at  this  distance  of  time, 
and  surveying  the  past  with  calm  consideration,  I 
am  able  to  appreciate  the  caution  of  those  learned 
societies,  which  have  refused  to  give  the  sanction  of 
their  names  to  work  that  might  ultimately  prove  to 
be  erroneous,  and  for  the  errors  of  which  they  would, 
perhaps,  consider  themselves  responsible. 

But,  however  commendable  this  extreme  caution  may 
be  in  the  case  of  a  society,  the  conduct  of  an  individual 
should,  to  my  mind,  be  governed  by  different  laws. 
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The  solitary  observer  knows — what  others  cannot  be 
aware  of — ^the  exactness  and  perseverance  with  which 
his  questions  have  been  laid  before  nature,  and  their 
answers  recorded.  He  has  the  faith  in  himself  and 
his  work  which  others  cannot  have;  and  he  must 
not  run  the  risk  of  allowing  an  important  scientific 
fact  to  be  lost,  for  fear  of  some  possible  slur  upon  his 
scientific  reputation  in  case  his  conclusions  prove  to 
be  erroneous. 

Actuated  by  these  motives,  and  believing  as  I  do  that 
the  time  will  come  when  scientific  men  will  repeat  my 
experiments — not  Avith  a  view  to  prove  that  I  am 
in  the  wrong,  but  with  the  object  of  discovering  the 
tiTith, — I  have  eareftdly  prepared  an  exact  statement  of 
my  work  upon  this  subject,  and  of  the  conclusions  to 
which  it  has  led  me  at  the  present  time  ;  and  I  have 
been  the  more  anxious  to  perform  this  task,  since  I  have 
observed  that,  in  consequence  of  the  non-publication 
of  my  more  recent  papers,  some  very  confused  notions 
are  prevalent  among  chemists  as  to  what  has  been 
done  hitherto. 

As  I  am  particularly  anxious  that  this  little  book 
may  not  be  regarded  as  in  any  way  controversial,  I  have 
entirely  omitted  the  names  of  those  who  have  differed 
from  me,  feehng  sure  that  those  who  have  honoiu'ed 
me  with  their  criticisms  have  already  obtained  suffi- 
cient publicity  elsewhere.  At  the  same  time  I  have 
endeavoured  to  attribute  to  their  authors  all  those 
historical  facts  connected  with  my  subject  which  have 
been  at  my  disposal. 

February,  1885. 


ON  CEETAIN  INDICATIONS  OF  THE 
EXISTENCE  OF  AN  ALLOTEOPIC 
MODIFICATION  OF  ELEMENTAEY 
NITEOGEN,  AND  ON  THE  SYN- 
THESIS OF  AMMONIA. 


CHAPTEE  I. 

HISTORICAL  ELECTRO-CHEMICAL  RESEARCHES. 

Historical  Notice  of  Electro-Chemical  Researches  by — I.  (a)  Doiikin  ; 
(b)  Bevthelot;  II.  Deherain  and  Maqueniie;  P.  and  A.  Thenard; 
III.  H.  Ste.  Claire  Deville. 

I.  Direct  Synthesis  of  Ammonia  by  means  oe  the 
Silent  Discharge. 

(a)  Mr.  Donkin's  Researches. 

In  the  "Proceedings  of  the  Eoyal  Society,"  XXL, 
1873,  pp.  281,  282,  Mr.  W.  P.  Donkin  has  described  a 
method  for  demonstratkig  the  formation  of  ammonia 
by  direct  synthesis  under  the  influence  of  the  silent 
discharge  of  electricity  of  high  tension.  The  details  of 
his  experiment  are  as  follows : — 

Atmospheric  nitrogen  was  very  carefully  separated 
from  every  trace  of  oxygen,  passed  into  a  glass  gas- 
holder by  displacement  of  water,  and  mixed  there  with 
three  times  its  volume  of  pure  hydi-ogen.  The  mixture 
was  allowed  to  stand  over  the  water  for  many  hours  (and 
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to  this  fact  I  wish  to  draw  particular  attention),  and  was 
then  passed  thi'oiigh  an  induction-tube,  made  entirely 
of  glass,  and  shaped  as  indicated  in  this  diagram. 


Fig.  1. 


Mr.  Donkin's  nitrogen  was  freed  from  oxygen,  fii'st 
by  phosphorus,  then  by  red-hot  metallic  copper. 

After  standing  over  the  water  for  many  hours,  the 
mixed  nitrogen  and  hydrogen  gases  were  transmitted 
through  sulphmic  acid,  and  then  through  the  induction- 
tube,  where  they  were  acted  upon  by  the  silent  discharge 
from  a  Euhmkorff's  coil.  The  issuing  gas  was  foimd 
to  contain  small  quantities  of  ammonia. 

The  residt  of  this  experiment  indicates  that  combina- 
tion of  nitrogen  and  hydi'Ogen  gases  may  be  brought 
about  in  sufficient  quantities  to  enable  the  operator  to 
demonstrate  the  formation  of  ammonia,  even  under  the 
influence  of  the  brief  exposui'e  to  the  silent  electrical 
discharge  to  whicli  the  gases  are  subjected  wliile  jjr/.w///// 
throngh  an  induction-tube. 
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This  experiment  of  Mi'.  Doukiu's  has  not  proved  suc- 
cessful in  the  hands  of  all  chemists  who  have  repeated 
it,  and  I  shall  endeavour  to  account  for  these  failm-es 
shortly.  At  present  I  will  only  remark  tliat,  in  my 
opinion,  they  have  been  due  to  the  omission  of  the  pre- 
caution upon  which  I  have  laid  so  much  stress — ^viz., 
the  storage  of  the  gases  for  many  hours  over  water 
before  subjecting  them  to  the  influence  of  the  silent 
discharge. 

(b)  Experiments  of  M.  Berthelot. 

M.  Berthelot's  experiments  (which  are  recorded  in 
the  Comptes-Eendus,"  LXXXII.,  1283,  1360)  difPer 
from  those  of  Mr.  Donkin  in  that  he  submitted  a 
mixtvire  of  nitrogen  and  hydrogen  gases  to  the  pro- 
longed action  of  the  silent  discharge,  instead  of  merely 
causing  the  mixed  gases  to  pass  through  a  tube  where 
they  were  transitorily  subjected  to  its  influence. 
M.  Berthelot  proved  that,  in  the  absence  of  an  absor- 
bent for  ammonia,  as  much  as  3  per  cent,  of  the  gaseous 
mixture  could  be  made  to  combine,  but  no  more. 

II.  Observations  of  MM.  Deh£rain  and  Maquenne, 

AND  OF  MM.  P.  AND  A.  ThENARD,  ON  THE  AcTION 
OF  THE  SlJ.ENT  DISCHARGE    UPON  WaTER-YaPOUR, 

AND  TiPON  A  Mixture  of  Nitrogex  Q-as  and 
Water-Yapour. 

In  the  "Comptes-Eendus"  (XCIII.,  895),  it  has 
been  shown  by  MM.  Deherain  and  Maquenne  that 
water-vapour  is,  under  certain  circumstances,  dissociated 
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by  the  silent  discharge,  and  this  is  particularly  liable  to 
occur  when  the  indiiction-tube  contains  rarefied  gas. 

In  the  "  Comptes-Rendus  "  (LXXXVI.,  517, 1508), 
MM.  P.  and  A.  Thenard  record  that  nitrogen  gas,  when 
subjected  to  the  influence  of  the  silent  discharge  in 
presence  of  aqueous  vapour,  disappears,  and  forms 
ammonium  nitrite.  This  observation  has  been  confii-med 
by  Berthelot  ("Bull.  Soc.  Chim."  [2]  xxvii.  338). 

III.  Action  of  the  Electric  Spark. 

Researches  of  M.   H.   Ste.    Claire  Beville. 

The  only  experiment  which  I  can  find  anywhere  re- 
corded, tending  to  throw  doubt  upon  the  universally 
accepted  statement  that  "  ammonia  gas  is  totally  and 
completely  dissociated  by  a  continued  series  of  electric 
sparks,"  is  one  by  H.  Ste.  Claire  Deville  {vide  "  Comptes- 
Eendus,"  1865,  LX.,  pp.  324  and  325).  He  found  that 
when  ammonia  gas  was  confined  over  mercury  and  sub- 
mitted to  the  action  of  a  series  of  electric  sparks,  no 
matter  how  prolonged,  dissociation  was  never  perfect, 
i.e.,  a  trace  of  ammonia  could  always  be  detected  in  the 
residual  gas  by  admitting  into  it  a  few  bubbles  of  dry 
hydrochloric  acid  gas,  when  fumes  of  sal-ammoniac 
were  invariably  produced.  He  also  found  that  a  mixture 
of  two  volumes  of  hydrochloric  acid  gas,  three  volumes 
of  hydrogen,  and  one  vohmie  of  nitrogen  was  com- 
pletely converted  into  sal-ammoniac  by  the  transmission 
thi"ough  the  gaseous  mixture  of  a  series  of  electric 
sparks. 

The  above  are  the  only  reseai-ches  having  any  bearing 
upon  the  subject  of  this  memoir  which  I  have  been  able 
to  discover  in  scientific  literature. 


CHAPTER  II. 


RESEARCHES  ON  THE  SYNTHESIS  OF  AMMONIA  FROM 
THE  GAS  EVOLVED  BY  THE  ACTION  OF  HEAT  UPON 
SOLUTIONS  OF  AMMONIUM  NITRITE. 

Criticisms  of  Experiments  detailed  in  "Chemical  Society's  Journal," 
March,  1881 — Acid  Ferrous  Sulphate  as  an  Absorbent  for  Nitric 
Oxide — Hydrogen  passed  through  Solution  of  Silver  Nitrate  may 
become  contanunated  with  Oxides  of  Nitrogen — Cupric  Oxide  not 
dissociated  at  Temperatxires  coni])atible  vdth  the  integrity  of 
Combustion  Tubing — Purity  of  Nitrogen  effected  not  by  Ferrous 
Sulphate,  but  by  Ferrous  Hydrate — Exjjeriraeuts  upon  the  Action 
of  Ferrous  Hydrate  upon  Nitric  Oxide  Gas — Hydrogen  purified  by 
Chromic  Acid,  &c.,  vice  Silver  Nitrate — Hydrogen  mixed  ■with 
Heated  Nitrogen  from  Ammonium  Nitrite  gives  no  Ammonia — 
Gas  from  Ammonium  Nitrite  probably  contains  au  Alloti'opic 
Jlodilieation  of  Nitrogen  analogous  to  Ozone — Proofs  of  the  Non- 
identity  of  the  Ammonia-forming  Gas  (Active  Nitrogen)  from 
Ammonium  Nitiite  with  any  known  Oxide  of  Niti'ogeu. 

In  my  first  experiments  on  the  synthesis  of  ammonia 
I  described  an  apparatus,  figiu'ed  in  the  March  number 
of  the  "  Chemical  Society's  Joui-nal "  for  1881,  by 
means  of  which  purified  nitrogen,  obtained  from  a  boil- 
ing solution  of  ammoniiun  nitrite,  was  mixed  with 
hydrogen  and  passed  through  heated  spongy  pla- 
tinum, with  the  result  of  the  production  of  a  small 
quantity  of  ammonia. 

Two  criticisms  have  been  offered  upon  this  experi- 
ment.    First,  it  has  been  said  that  the  reagent  I 
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employed  to  pui'ify  the  nitrogen  was  incapable  of 
absorbing  nitric  oxide  completely  ;  and,  secondly,  it  has 
been  averred  that  when  hydi'Ogen  passes  through  a 
solution  of  silver  nitrate,  oxides  of  nitrogen  are  pro- 
duced, and  yield  ammonia  when  the  residting  gas  is 
passed  tlu'ough  tubes  containing  red-hot  spongy 
platinum. 

Now,  as  regards  the  question  of  the  purity  of  the 
nitrogen  obtained  by  means  of  the  apparatiis  I  em- 
ployed— viz.,  a  series  of  tubes  containing  pumice  satu- 
rated with  an  acidulated  solution  of  ferrous  sulphate, — 
I  consider  that  that  is  proved  by  the  test  employed  by 
me  for  the  pimty  of  the  gas — viz.,  the  maintenance  of 
a  constant  weight  by  a  tube  containing  metallic  copper 
heated  to  redness  for  one  horn-  in  a  cm-rent  of  the  pmi- 
fied  nitrogen.  The  tube  was  an  ordinary  hard  gl^ss 
combustion  tube,  and  I  therefore  do  not  consider  an 
objection  which  has  been  raised  to  this  test — viz.,  that 
copper  oxide  might  have  been  fonned  and  afterwards 
dmocufted — as  worthy  of  a  moment's  consideration.  It 
is  inconceivable  that  copper  oxide  could  have  been 
dissociated  completely  at  a  temperatm-e  low  enough  to 
be  compatible  with,  the  integrity  of  the  tube. 

I  consider,  therefore,  that  the  piirif;/  of  the  nifyogeii 
was  demonstrated  in  my  published  research  ;  but  there 
is  great  validity  in  the  objection  raised  against  the 
statement  that  the  nitrogen  was  purified  b}'^  means  of 
a  solution  of  acid  ferrotus  mlphafe.  It  is  quite  true  that 
it  is  impossible  to  remove  every  trace  of  nitric  oxide 
from  nitrogen  gas  b}^  means  of  that  reagent  wlien  a 
current  of  the  gas  is  kept  passing  througli  it.  1  fidly 
explained  the  production  of  pure  nitrogen  by  means  of 
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the  apparatus  figured  by  me,  in  au  answer  to  the  above 
oriticism  ;  but  my  explanation  was  not  published,  and, 
tlierefore,  this  part  of  the  matter  still  remains  in  an 
unsatisfactory  state. 

The  explanation  is  as  follows : — 

The  first  piirifying  apparatus  through  which  the 
nitroiren  from  the  heated  ammoniimi  nitrite  solution 
was  passed  Avas  a  long  horizontal  tube  (marked  I  in 
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tlie  diagram),  wliich  was  packed  with  fi"agments  of 
pumice-stone  saturated  Avith  an  acidulated  solution  of 
feiTOus  sulphate.  Noan',  the  originally  coloiu-less 
pumice-stone  became  gradually  black  at  the  extremity 
next  to  the  flask,  from  which  the  nitrogen  was  escaping. 
Tliis  dai'k  colour  spread  continuoiisly  along  the  tube> 
whilst  the  portion  next  to  the  flask  again  changed 
colom*,  becoming  reddish-brown. 

It  Avas  not  until  these  changes  had  advanced  about 
one-third  of  the  distance  along  the  tube  that  the 
nitrogen  gas  escaping  at  the  end  of  the  apparatus 
was  found  to  be  free  from  all  traces  of  oxide  of 
nitrogen. 

The  explanation  of  these  phenomena  is  simple.  Ist. 
The  dark  blue  or  black  coloiu*  observed  in  tlie  pmnice 

*  Thi.s  woodi  ut  lirst  !iii|i(;iin'il  in  ".loiiin.  Clioiii.  .Soc,"  Miiruli, 
1881.  I  uiii  iiiik'btud  lor  the  u.su  of  it  to  tlic  Eilitor  of  that 
Journal. 
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was  due  to  the  formation  of  ferrous  hydrate,  for  the 
portion  of  the  tube  next  to  the  generating  flask  was 
found  to  be  strongly  ammoniacal.  The  nitrogen  from 
the  hot  ammonium  nitrite  solution  contained  ammonia, 
which  fu-st  neutralized  the  acid  present  in  the  ferrous 
sulphate  solution,  and  afterwards  precipitated  ferrous 
hydrate,  which  remained  in  the  pores  of  the  pimiice. 
2nd.  The  conversion  of  the  ferrous  hydrate  into  ferric 
hydrate  (to  which  the  formation  of  the  reddish-bro-wm 
colour  was  due),  accompanied  by  the  diminution  and 
final  cessation  of  the  contamination  of  the  nitrogen 
gas  with  oxides  of  nitrogen,  indicates  that  probably  the 
oxide  of  nitrogen  originally  present  in  the  gas  from 
the  generating  flask  underwent  reduction  under  the 
influence  of  the  ferrous  hydrate  in  the  pumice,  which 
it  reciprocally  oxidized  and  converted  into  feiTic  hydrate. 

I  have  performed  many  careful  experiments  upon  the 
action  of  ferrous  hydrate  on  nitric  oxide,  the  results 
of  which  have  abundantly  confirmed  the  above  hypo- 
thesis. The  following  experiment  Avill,  I  think, 
suffice  for  purposes  of  demonstration. 

Pure  nitric  oxide  is  prepared  from  a  mixture  of  sul- 
phuric acid,  potassium  nitrate,  and  ferrous  sulphate. 
The  piu-e  gas  is  collected  in  a  large  Crum's  tube  by 
displacement  of  water.  A  solution  of  ferrous  sulphate 
is  introduced  into  the  cup  at  the  top  of  the  tube, 
solution  of  ammonia  is  added  in  excess,  and  the  contents 
of  the  cup  thoroughly  mixed.  The  stopcock  (which 
should  have  a  large  channel  through  it)  is  then  opened, 
and  the  fi'eshly  precipitated  ferrous  hydi-ate  allowed  to 
fall  tlu'ough  the  gas,  where  it  is  collected  upon  a  Little 
saucer  of  wire  gauze  with  a  very  fine  mesh,  supported 
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in  the  gas  by  a  stout  copper  wire.  The  apparatus  is 
figured  beloijv. 


Fig.  3. 


Immediately  after  the  introduction  of  the  ferrous 
hydrate  into  the  copper  gauze  basin  the  former  begins 
to  undergo  oxidation  to  ferric  hydrate,  whilst  the 
gas  is  observed  to  diminish  in  volume.  If  the  intro- 
duction of  ferrous  hydrate  be  continued  until  no  further 
oxidation  takes  place,  the  volume  of  the  residual  gas 
will  be  found  to  be  exactly  half  that  of  the  original 
nitric  oxide,  and  examination  will  show  it  to  be  2^ure 
nitrogen.  The  equation  which  represents  the  action  of 
nitric  oxide  upon  ferrous  oxide  may  therefore  be 
written  as  follows  : — 

2FeO  +  NO  =  Fe^Og  +  N. 
I  imagine,  therefore,  that  it  is  certain  that  the  purity 
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of  tlie  nitrogen  obtained,  as  described  in  March,  1881, 
was  due  to  the  action  of  fcrroiin  In/drate  upon  the  gas 
evolved  from  ammonimn  nitrite,  and  not,  as  I  then 
supposed,  to  the  absorbent  action  of  acidulated  _/!"yv•o/^« 
■sii/jj/iafc. 

So  much  for  the  purity  of  the  nitrogen. 

As  regards  the  second  objection  to  my  experiments  of 
March,  1881 — viz.,  that  the  hi/droffeii  I  employed  might 
hfive  contained  oxides  of  nitrogen  derived  from  the 
solution  of  sihrr  nitmte  through  which  it  was  passed, — 
I  can  only  say  that  the  possibility  of  such  an  occurrence 
was  pointed  out  to  me  shortly  after  the  publication  of 
my  paper  referred  to,  and  I  have  since  employed 
mercuric  chloride,  solutions  of  chromic  acid,  and  other 
reagents  for  tliis  purpose,  but  without  obserring  any 
difference  in  the  quantities  of  ammonia  obtained. 

Moreover,  I  do  not  think  it  possible  that  any 
ammonia-fonning  gas  could  have  been  present  in  tlie 
hj^drogen  actuall}^  used  in  my  experiments,  since  I  find, 
by  reference  to  my  piiblished  paper,  that  the  purified 
nitrogen  and  hydrogen  were  passed  together  thi-ough  a 
solution  of  potash  and  pyrogalline,  which  solution  I 
have  found  by  direct  experiment  to  have  a  powerful 
effect  in  decomposing  nitric  oxide.  But  the  question 
of  possible  formation  of  ammonia  b}-  impurities  in 
hydrogen  has  been  abundantly  settled  by  subsequent 
experiments,  in  which  I  have  found  that  if  pxu-e 
nitrogen  fi'om  ammonium  nitrite  be  passed  througli  a 
hot  tube  tjefore  being  mixed  irit/i  hydrogen,  no  ammonia 
is  produced  when  the  mixed  gases  are  passed  o\gv 
hot  spongy  platinum,  but  the  production  of  ammonia 
becomes  very  evident  as  soon  as  the  tube  transmitting 
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tlie  nitrogen  is  allowed  to  become  cold.  If  nitric  oxide 
be  mixed  with  the  nitrogen  before  its  entrance  into  the 
heated  tube,  the  heated  mixed  gases  subsequently  yield 
ammonia  by  contact  "SAdth  hj'di-ogen  in  hot  spong}' 
platinimi ;  for  nitric  oxide  is  not  decomposed  by  even  a 
full  red  heat. 

This  experiment  aflPords,  to  my  mind,  the  strongest 
evidence  that  the  gas  evolved  from  liot  solutions  of 
ammonium  nitrite  contains  an  allotropic  or  active  form 
of  nitrogen,  Avliich  differs  fi'om  ordinary  nitrogen  in 
possessing  the  propert}'  of  forming  ammonia  by  direct 
synthesis  "srith  hydrogen  in  presence  of  heated  spongy 
lilatinum,  and  wliich  is  converted  into  ordinary  inactive 
nitrogen  b}'  the  action  of  heat,  precisely  as  ozone  is 
converted  into  ordinar}'  oxygen  by  the  same  agent. 

It  is  clear  that  if  the  nitrogen  in  the  last  quoted 
experiment  had  contained  nitric  oxide,  ammonia  woidd 
have  been  foi-med  by  combination  of  the  heated  gas 
Arith  hydi'Ogen  in  the  spongy  platinum ;  whilst  if  the 
production  of  ammonia  had  been  due  to  the  presence 
of  an  impmity  in  the  hi/drogen,  its  fomiation  woidd 
have  continued  throughout  the  experiment,  since  the 
treatment  of  the  hydi-ogen  Avas  never  altered. 

The  ammonia-forming  gas,  then,  Avas  present  in  the 
gas  evolved  from  the  heated  ammonium  nitrite  solution, 
and  not  in  the  hydi-ogen.  Moreover,  the  ammonia- 
foi-ming  gas  was  deprived  of  its  poAver  of  producing 
ammonia  by  direct  union  Avith  hydi-ogen  in  presence 
of  heated  spongy  platinimi,  by  simple  transmission 
tlirough  a  glass  tube  heated  to  redness  l)efore  being 
mixed  Avitli  the  liydi'ogen. 

NoAV,  my  experiments  quoted  above,  and  indeed  the 
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recorded  experience  of  all  chemists,  go  to  prove  that 
nitric  oxide  is  not  decompoHcd  by  simple  transmission 
thi'ough  a  red-hot  tube ;  therefore  it  is  extremely 
improbable  that  the  ammonia-fonniiig  gas  is  nitric 
oxide. 

The  only  known  oxide  of  nitrogen  which  could 
escape  the  purifying  reagents  emploj^ed  by  me,  and 
which  is  easily  decomposed  at  a  red  heat,  is  nitrous 
oxide.  Now,  a  laborious  series  of  researches  by  Mr.  T. 
Lewis  Wright,  undertaken  mth  the  object  of  ascertain- 
ing whether  nitrous  oxide  and  hycb'ogen  in  any  cu*- 
cimistances  yield  ammonia  imder  the  influence  of  spongy 
platinum,  have  resulted  in  a  negative  conclusion  {vide 
"  Chemical  Society's  Jom-nal,"  July,  1881).  Accepting 
the  accuracy  of  Mr.  Wright's  researches  upon  this  point, 
I  have  confined  myself  to  the  examination  of  the 
question  whether  nitrous  oxide  gas  is  ever  evolved  from 
solutions  of  ammonium  nitrite  mixed  with  ammonium 
iiitrate.  I  subjected  solutions  of  ammonium  nitrite  con- 
taining little  ammoniiun  nitrate  on  the  one  hand, 
and  solutions  of  ammonium  nitrate  containing  little 
nitrite  on  the  other,  to  the  action  of  heat,  but  the 
residting  gas  after  treatment  -with  ferrous  sulphate  over 
mercury  was  always  found  to  be  free  from  oxygen, 
either  combined  or  uncombined.  After  treatment  with 
a  series  of  electric  sjjarks,  the  volume  of  the  gas 
remained  unchanged  on  shaking  with  alkaline  solution 
of  pyrogalline. 

Therefore  the  results  of  further  experiments  have  led 
me  to  the  conclusion  that  tlie  ammonia  formed  by  direct 
union  ^vith  hydrogen  of  the  gas  produced  by  the  action 
of  heat  upon  solutions  of  ammonium  nitrite  (1st)  is  not 
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due  to  any  impurity  in  the  hydrogen  gas ;  (2nd)  is  due 
to  an  ingredient  of  the  nitrogen,  which  is  neither  nitric 
oxide  nor  nitrous  oxide,  hut  is  either  an  unknown  com- 
pound of  nitrogen  that  is  decomposed  by  transmission 
thi-ough  a  glass  tube  heated  to  redness,  or  (more  pro- 
bably) an  aUotropic  active  modification  of  nitrogen  ihelf, 
analogous  to  active  oxygen  or  ozone. 


CHAPTER  III. 


FURTHER  EXPERIMENTS  OX  THE  NATURE  OF  THE  GAS 
PRODUCED  BY  ACTION  OF  HEAT  UPON  SOLUTION  OF 
AMMONIUM  NITRITE,  CONDUCTED  IN  1883. 

A  Secondary  Reaction  occurs  on  heating  Solutions  of  Annnoniuni  Nitrite 
of  Large  Volume,  leading  to  the  formation  of  Ammonia,  Nitric 
Oxide,  and  Ammonium  Nitrate:  this  Secondary  Reaction  does  not 
take  place  on  heating  Small  Volumes  of  Solution  of  Ammonium 
Nitrite — Method  of  Experimentation  in  1883 — Gas  obtained  from 
Small  Volumes  of  Ammonium  Nitrite  Solution  entirely  free  from 
Oxides  of  Nitrogen — Typical  Experiment  with  a  Jlixed  Solution  of 
Commercial  Potassium  Nitrite  and  Ammonium  Chloride,  of  Small 
IJulk — Experiments  with  Solutions  of  Pure  Ammonium  Nitrite — 
Method  of  preparing  Pure  Ammonium  Nitrite  Solution — Different 
lOllects  observed  with  Solutions  of  iliflerent  i-eaetion  to  Test-paj)ers 
— Examination  of  the  Gas  evolved  from  Pure  Solutions  of  Am- 
monium Nitrite  at  various  Temperatures — Effects  of  the  Gas  upon 
Solution  of  Potassium  Iodide — Action  of  the  Gas  upon  Hydrogen 
in  presence  of  Heated  Spongy  Platinum — Quantitative  Experi- 
ments with  Active  Nitrogen  from  Pure  Solutions  of  Ammonium 
Nitrite. 

Ix  my  experiments  performed  at  the  close  of  the  year 
1880,  and  published  in  1881,  I  employed  a  solution  of 
ammoniimi  nitiite  of  large  bulk  (one  and  a  half  to  two 
litres),  made  by  satiu'ating  distilled  water  at  the  ordinary 
temperatui'e  with  commercial  potassium  nitrite  and  an 
excess  of  ammoniimi  chloride. 

Judging  fi'om  the  formation  of  ammonia  and  nitric 
oxide  in  the  reaction  resulting  fi'om  the  action  of  heat 
upon  such  a  solution,  it  appears  that  in  the  case  of 
concentrated  solutions  of  ammonium  nitrite  of  lai'ge 
volimie,  a  secondary  reaction  occiu's  on  the  application 
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of  lieat ;  so  that,  besides  the  primary  production  of 
water  and  niti'ogen  gas — 

(1.)  NH.NO,  =  2H2O  +  N2, 

there  is  also  a  formation  of  ammoniiini  nitrate,  ammonia, 
nitric  oxide,  and  Avater,  thus : — 

(2.)  3NH,N0,  =  NH.NOg  +2NH3  +  2N0  +  HoO. 

Fiu"ther  experiments,  conducted  in  the  year  1883, 
have  led  me  to  the  conclusion  that  in  the  case  of  solu- 
tions of  smaller  volume  this  secondary  reaction  does 
not  take  place. 

The  diiferences  obserA'ed  in  operating  upon  the  large 
and  small  scale  respectively  ai'e  so  well  knoMoi  that  I 
shall  offer  no  apology  for  this  explanation  of  the  dif- 
ferent restdts  obtained,  but  I  Avill  simply  detail  my 
method  of  procedure  for  the  benefit  of  futiu'e  workers, 
and  describe  the  phenomena  observed. 

In  1883  I  employed  small  flasks,  not  exceeding  350 
cubic  centimetres  in  capacity.  Most  commonly  the  solu- 
tions measured  200  cubic  centimetres  or  less ;  that  is, 
about  one  tentli  of  the  vokmie  employed  in  1881. 

///  all  the  crpcriiHeiih  there  was  a  unifonnity  of  results 
as  regards  the  production  of  oxides  of  nitrogen.  The 
flasks  were  filled  with  the  solution  under  examination, 
corks  with  delivery-tubes  adjusted,  the  flasks  immersed 
in  water,  the  water  aroiind  the  flasks  gradually  heated, 
and  the  gas  issuing  at  A'arious  temperatures  collected  by 
displacement  of  mercury  in  graduated  tubes,  carefully 
measured,  exposed  to  the  action  of  various  absorbents, 
and  again  measured.  In  every  case  the  complete  ab- 
sence of  nitric  oxide  or  any  kno^ra  oxide  of  niti'ogen 
was  distinctly  proved,  ]irovided  only  that  tlie  solution 
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operated  on  was  originally  alkaline  in  reaction.  Even 
if  the  solutions  (of  the  volume  indicated)  were  heated 
rapidly,  ferrous  sulphate  produced  no  change  of  volume  in 
the  resulting  gas ;  and  although  in  some  other  respects 
the  gas  evolved  at  low  temperatures  differed  remarkably 
from  that  which  escaped  at  higher  ones,  there  was  no 
difference  as  regards  freedom  from  oxides  of  nitrogen. 
My  conclusion,  therefore,  is  that  the  secondary  reaction 
which  results  in  the  formation  of  nitric  oxide  occurs 
only  on  heating  solutions  of  ammonium  nitrite  of  large 
volimie  and  great  concentration. 

In  my  first  experiments,  in  1883,  I  used  solutions 
made  by  dissolving  known  weights  of  commercial  potas- 
sium nitrite  and  ammonium  chloride  in  knoAvn  volimies 
of  water.  The  following  are  the  details  of  a  typical 
experiment : — 

Seventeen  grammes  of  commercial  potassiimi  nitrite  and 
eleven  grammes  of  ammonium  chloride  were  dissolved  in 
310  cubic  centimetres  of  distilled  water.  The  flask  con- 
taining the  solution  was  immersed  in  a  water  bath  pro- 
vided with  a  thermometer,  and  the  temperature  raised. 
Gras  began  to  escape  freely  at  80°  C.  Two  litres  of  gas 
were  collected  at  temperatm'es  below  100°  C,  and  an  equal 
volume  escaped  on  boiling  the  contents  of  the  flask  over 
a  flame  after  the  evolution  had  ceased  in  the  water 
bath. 

About  12  per  cent,  by  volume  of  the  first  portions  of 
gas  collected  was  absorbed  by  agitation  with  water,  and 
rapidly  by  solution  of  potash  and  lime-water,  pro- 
ducing a  precipitate  in  the  latter  case.  The  source  of 
this  carbon  dioxide  gas  was  traced  to  the  presence  of 
potassium  cai'bonate  in  the  commercial  potassium  nitrite. 
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Collected  over  mercixry  and  treated  with  solution  of 
ferrous  sulphate,  no  trace  of  nitric  oxide  could  be  de- 
tected, even  in  the  last  portions  of  gas  evolved,  which 
seemed  to  be  pure  nitrogen.  The  reaction  of  the  residual 
solution  after  boiling,  like  that  of  the  original  mixture, 
was  distinctly  alkaUne. 

In  order  to  avoid  the  presence  of  carbon  dioxide  in  the 
nitrogen  gas,  I  determined  to  woi'k  with  solutions  of  pure 
ammoninm  nitrite,  which  I  prepared  as  follows : — Small 
lumps  of  vitreous  arsenious  acid  are  covered  with  cold 
strong  nitric  acid  (sp.  gr.  1"46)  in  a  glass  flask  provided 
with  a  cork  (not  caoutchouc)  and  a  glass  deHvery-tube 
bent  twice  at  right  angles,  the  extremity  of  which  just 
dips  below  the  surface  of  a  strong  solution  of  ammonia 
gas  in  water  (sp.  gr.  0'880)  contained  in  a  second  glass 
flask,  which  remains  uncorked,  and  should  be  kept 
immersed  in  cold  water.  If  the  action  becomes  very 
violent  in  the  generating  flask,  that  also  may  be  cooled 
by  a  stream  of  water. 

Gras  escapes  freely  from  the  ammoniacal  solution, 
owing  to  the  occurrence  of  the  reaction — 

HNO2  +  NH3  =  2H2O  +  N2, 

but  a  large  quantity  of  ammonium  nitrite  remains  in 
the  second  flask,  undecomposed.  The  flask  is,  of  course, 
filled  with  dense  wliite  fumes  of  ammonium  nitrite. 
Near  the  end  of  the  action  these  white  fimies  begin  to 
acquire  a  reddish  tinge,  and  at  this  stage  the  passage  of 
N^Og  into  the  ammoniacal  solution  must  be  at  once 
arrested,  otherwise  the  liquid  becomes  hot  and  under- 
goes spontaneous  decomposition  in  a  few  seconds,  large 
volumes  of  nitric  oxide  being  produced. 
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■  If  the  process  be  aiTested  before  this  spontaneous  de- 
composition has  commenced,  the  product  in  the  receiA^ag 
flask  is  a  yellowish  alkaline  liquid,  smelling  very  shghtly 
of  ammonia,  and  evolving  much  nitrogen  when  heated. 
If  some  of  this  alkaline  solution  of  ammonium  nitrite  be 
l>assed  up  into  a  graduated  glass  tube  by  displacement 
of  mercury,  and  a  few  di'ops  of  any  dilute  mineral  acid 
be  introduced  by  the  same  means,  a  sudden  and  violent 
disengagement  of  gas  ensues,  about  40  per  cent,  of  Avhieh 
is  absorbable  by  solution  of  feiTOus  sulphate. 

This  reaction  is  easily  accounted  for  by  the  well-known 
equation — 

=  Hop  -h  IINO3  +  2N0  ; 
and  tliis  explains  the  \aolent  decomposition  which  ensues 
if  the  nitrous  anhydride  be  passed  into  the  aqueous 
ammonia  until  the  solution  acquires  an  acid  reaction . 

It  is  necessary,  therefore,  to  avoid  the  development  of 
an  acid  reaction  in  the  ammonium  nitrite  solution.  On 
the  other  hand,  if  the  solution  of  ammoniimi  nitrite  be 
too  strongly  ammoniacal  it  is  decomposed  by  heat  with 
great  difficulty,  and  no  gas  escapes  at  temperatures  below 
100°  C.  except  ammonia  itself. 

If  the  solution  be  as  nearly  neutralized  as  possible  by 
N2O3,  much  nitrogen  gas  is  evolved  at  temperatm-es 
between  80°  and  85°  C. 

If  to  a  slightly  ammoniacal  solution  of  ammonium 
nitrite,  prepared  as  above  desciibed,  crystals  of  cupric 
chloride  be  added,  a  steady  effervescence  of  perfect^ 
2Mire  nitroycii  occ\irs  at  the  ordinary  temperatiu-e  (20°  C). 
The  cupric  chloride  probably  effects  this  change  by 
combining  with  the  slight  excess  of  ammonia  in  the 
solution,  without  liberating  any  nitrons  acid,  as  woidd  be 
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the  case  -with  a  mineral,  acid ;  the  neutral  ammonium 
nitrite  solution  thus  obtained  decomposing  sponta- 
neously— 

.   ^-NHiNO,  +  2CuCL,  +  2NH3  +  11,0  =  Cu(J  CuUl, 

+  2NH,C1  +  .1^,  +  2.rII.0. 
And  this  hypothesis  is  supported  by  the  fact  that  a 
precipitate  of  cupric  oxychloride  is  gradually  formed, 
whilst  the  gas  evolved  is  not  altered  in  volmne  by 
solution  of  feiTOus  sulphate. 

Examination  of  the  Gtas  evol\'ed  froim  Pure 
Solutions  of  Ammonium  Nitrite  at  Different 
Temperatures. 

Having  obtained  a  large  -s-olimie  of  pui'e  solution  of 
ammoniimi  nitrite  as  nearly  neutral  as  possible  by  the 
process  above  described,  I  examined  it  by  the  method 
already  indicated. 

About  100  cubic  centimetres  of  the  solution  were 
introduced  into  a  small  flask  with  a  cork  and  deh- 
very-tube,  which  was  completely  filled  thereby.  The 
flask  was  immersed  in  water  with  a  thennometer 
near  it ;  the  temperature  of  the  water  was  raised, 
and  the  gas  evolved,  tcif/iout  tuihjcction  to  the  iiijfii- 
riice  of  (lilt/  puyifi/iiKj  (((jeiit  ir/iafcrcr,  was  collected  in 
graduated  glass  tubes  by  displacement  of  mercmy,  and 
subjected  to  the  action  of  various  absorbents.  ^Vlieu 
the  absorbents  Avere  aqueous  solutions  the  volume  was 
simply  noted  before  and  after  agitation  mth  the  absor- 
bent ;  in  tlie  case  of  desiccating  agents  the  gas  was  dried 
before  introducing  the  absorbent,  the  volimie  of  tlie  dry 
gas  read  off,  and  tlie  absorbent  then  added.  As  I  have 
already  stated,  the  results  of  these  experiments  were 
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entirely  negative  as  regards  the  presence  in  the  gas  of 
oxides  of  nitrogen. 

There  was  a  remarkable  difference  in  properties 
between  the  gas  evolved  from  pure  solutions  of  am- 
monium nitrite  at  temperatures  below  90°  C.  and 
that  which  escaped  at  higher  temperatures. 

If  a  solution  of  starch  and  potassium  iodide  be 
introduced  into  the  gas  collected  over  mercury  as  above 
described,  no  change  of  colour  is  observed  in  the 
solution,  no  matter  at  what  temperatiu'e  the  nitrogen 
has  been  evolved ;  and  even  if  oxygen  be  admitted  into 
the  gas  standing  over  solution  of  potassiimi  iodide  and 
starch,  no  change  of  colour  takes  place.  This  experiment 
negatives  the  presence  of  nitric  oxide  in  the  gas. 

But  if  into  the  gas  evolved  below  90°  C,  and  stand- 
ing over  mercury,  some  solution  of  starch  and  potassium 
iodide,  previously  acidulated  and  quite  colourless  (thus 
proving  the  absence  of  any  ingredient  in  the  iodide 
which  might  yield  free  iodine  on  acidulation),  be  intro- 
duced, there  is  an  immediate  production  of  a  blue 
colour  in  the  Hquid.  There  is,  I  believe,  no  known 
gas,  except  oxygen,  which  Liberates  iodine  fi-om 
potassium  iodide  only  in  acid  solutions. 

My  explanation  of  this  liberation  of  iodine  fi'om 
the  potassium  iodide  in  presence  of  free  acid,  and  not 
in  a  neutral  solution,  is  as  follows : — 

The  nitrogen  evolved  fi-om  solutions  of  ammoniiun 
nitrite  at  temperatm-es  below  90°  C.  is  partially 
active.  This  active  nitrogen  foi-ms,  with  water,  am- 
monimn  nitrite — 

-f  2H,0  =  NH.NO,. 
Solution  of  ammonivun  nitrite  does  not  liberate 
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iodine  from  potassium  iodide  in  a  neutral  solution ; 
but  after  ackhtlation  the  nitrous  acid  set  free  from  it 
liberates  iodine  as  described. 

It  may  be  urged  that  some  ammonium  nitrite  might 
have  accompanied  the  gas  in  the  above  experiments 
and  given  rise  to  the  phenomena  observed,  but  I 
repeated  the  experiments  with  the  precaution  of 
passing  the  gas  through  U  "tubes  containing  calcium 
chloride  and  fragments  of  pumice  saturated  with 
H2SO4,  and  with  precisely  similar  results. 

No  change  of  voliune  could  be  detected  in  the  gas 
after  the  liberation  of  the  iodine  from  the  acidulated 
potassium  iodide. 

If  the  gas  evolved  from  solution  of  pure  ammonixmi 
nitrite  at  temperatures  below  90°  C.  was  transmitted 
through  a  glass  tube  heated  to  redness  before  being 
collected  over  mercury,  it  liberated  no  iodine  from 
acidulated  solution  of  potassiimi  iodide  and  starch. 

Again,  the  gas  evolved  from  solution  of  ammonium 
nitrite  at  temperatures  above  90°  C.  forms  no  am- 
monia when  mixed  with  hydrogen  and  transmitted 
through  a  tube  containing  heated  spongy  platinum ; 
neither  does  it  effect  liberation  of  iodine  from 
solution  of  potassioim  iodide  even  after  acidulation. 
It  is,  in  fact,  ordinary  inactive  nitrogen  in  a  state 
of  purity.  But  the  gas  which  escapes  from  the  pure 
solution  of  ammonium  nitrite  at  temperatures  below 
90°  C.  forms  appreciable  quantities  of  ammonia  on 
being  mixed  with  hydrogen  and  transmitted  tlu-ough 
a  tube  containing  heated  spongy  platinxm.  The 
power  of  producing  ammonia,  like  that  of  liberating 
iodine  from  acidulated  solution  of  potassium  iodide. 
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is  destroyed  by  subjecting  the  gas  to  a  high  tem- 
peratiu-e,  precisely  as  ozone  is  converted  into  oxygen 
by  that  treatment. 

In  short,  the  gas  evolved  from  pure  solution  of 
ammonium  nitrite  at  temperatures  below  90°  C.  is 
partially  actke ;  that  evolved  above  90°  C.  is  entirely 
inactive;  and  the  active  nitrogen  is  rendered  inactive 
by  a  high  temperature. 

QuANTiTATi\'E  Experiments. 

I  made  some  quantitative  determinations  of  the 
actual  weight  of  ammonia  formed  by  direct  union  of 
a  given  volume  of  nitrogen  gas  with  hydrogen  in 
presence  of  heated  spongy  platinum.  The  experi- 
ments were  conducted  as  follows: — 

Two  flasks  of  equal  capacity  were  charged  ynih. 
equal  vohunes  of  the  same  ammoniimi  nitrite  solution, 
and  immersed  in  the  same  A^essel  of  water  with  a 
thermometer  between  them.  One  of  these  flasks  bore 
a  cork  with  delivery-tube  opening  imder  the  mouth  of 
an  inverted  graduated  vessel  filled  with  water  and 
inverted  over  water.  The  other  flask  was  fitted  with 
a  cork  bored  with  two  holes,  one  admitting  a  tube 
delivering  piu'e  hydrogen,  the  other  a  delivery-tube 
which  conducted  the  mixed  gases  tlirough  (1)  a  U-tube 
containing  calciimi  chloride,  (2)  a  U-tube  packed  with 
fragments  of  pumice-stone  saturated  with  strong  siil- 
phiu-ic  acid,  (3)  a  piece  of  hard  glass  combustion  tubing 
containing  spongy  platinum,  (4)  a  coimterpoised  U- 
tube  containing  soda-lime,  and  (5)  a  nitrogen  bidb 
containing  a  known  A'olume  of  dilute  hj'cb'ochloric  acid, 
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the  ammonia  in  which  had  been  previously  estimated 
as  ammonio-platinic  chloride. 

Now,  if  any  oxygen — free  or  combined — had  been 
present  in  the  gas,  water  must  have  been  formed  in  the 
heated  spongy  platinum,  and  have  increased  the  weight 
of  the  soda-lime  tube.  But  this  tube  did  not  increase  in 
iveight  in  any  of  the  experiments. 

The  following  results  were  obtained : — 
Two  hundred  cubic  centimetres  of  nitrogen  (=0*25 
gramme)  gave  0'04  gramme  of  PtCli2NH4Cl,  equiva- 
lent to  0'003  gramme  of  ammonia;  i.e.,  0*0025  gramme 
of  nitrogen  was  active,  or  1  cent,  of  the  total 
volume. 

The  above  gas  was  obtained  from  a  solution  of  pure 
ammonium  nitrite  as  nearly  neutral  as  possible,  heated 
below  90°  C.  As  already  stated,  the  gas  evolved  at 
temperatures  above  90°  C.  never  yields  any  ammonia. 

One  hundred  and  seventy  cubic  centimetres  of 
nitrogen  (=  0*212  gramme)  gave  0*072  gramme  of 
PtCl,2NHiCl,  equivalent  to  0*00547  gramme  of  NHj. 
Therefore,  0*0045  gramme  of  nitrogen  was  active,  or 
2*1  per  cent. 

The  above  gas  was  obtained  withoui  heat  by  the 
action  of  cupric  chloride  tipon  solution  of  ammoniimi 
nitrite  as  above  described. 


CHAPTER  IV. 


EXPERIMENTS  WITH  ATMOSPHERIC  NITROGEN. 

Direct  Synthesis  of  Ammonia  from  Atmospheric  Niti'ogen,  obtained 
wthout  the  agency  of  Heat— Details  of  Experiment— Criticisms  on 
tliis  Experiment — Experiments  with  Electricity  of  High  Tension 
— Explanation  of  Donkin's  Synthesis — Complete  Synthesis  of 
Ammonia  by  the  Spark — Explanation  of  Ste.  Claire  Deville's 
Observations. 

Like  all  investigators  wlio  have  made  the  experiment, 
I  have  failed  to  produce  any  ammonia  by  passing 
atmospheric  nitrogen,  which  had  been  recently  heated 
and  then  mixed  with  hydrogen,  through  red-hot  tubes, 
even  in  presence  of  spongy  platinum. 

I  believe,  however,  that  I  was  the  first  to  assert  the 
possibility  of  obtaining  ammonia  in  small  quantity  from 
atmospheric  nitrogen  which  has  not  been  Jimted,  by  direct 
union  with  pure  hydrogen  in  presence  of  spongy 
platinum.  The  expeiimental  proof  of  this  statement 
is  contained  in  a  paper  which  I  read  before  the  Royal 
Society  in  October,  1881,  and  which  has  not  been 
published.  The  details  of  the  experiment  are  as 
follows : — 

"Atmospheric  air  was  made  to  pass  into  a  glass 
gasholder  by  traversing  a  vessel  packed  with  sawdust 
impregnated  with  freshly  precipitated  ferrous  sulphide. 
The  nitrogen  thus  obtained,  still  containing  some  oxygen 
and  some  sulphiu-etted  hj'drogen,  was  then  allowed  to 
stand  for  some  days  over  water  liolding  feiTOUS  feiTO- 
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cyanide  in  suspension.  It  was  then  further  purified  by 
being  passed  through  (1)  strong  solution  of  caustic 
potash,  (2)  alkaline  pyrogalline,  (3)  strong  sulphuric 
acid,  and  (4)  Nessler  reagent.  Thus  freed  from  HjS, 
GOi,  0,  and  NH.;,  the  nitrogen  entered  a  T-piece,  in 
which  it  was  mixed  with  hydrogen,  evolved  by  action 
of  sulphuric  acid  upon  ziuc,  and  purified  by  bubbling 
through  (1)  solution  of  chromic  and  sulphuric  acids,  and 
(2)  Nessler  reagent. 

"  The  piu-e  atmospheric  nitrogen  and  hydrogen  thus 
foiTued  were  conducted  into  a  tube  containing  spongy 
platinum,  and  thence  into  a  vessel  containing  Nessler 
reagent.  Ammonia  was  invariably  formed,  unless  the 
nitrogen  had  been  previously  heated,  w/ien  none  was 
ever  observed.  The  quantity  of  ammonia  formed  was 
small,  never  exceeding  a  milligramme  and  a  half  from 
ten  litres  of  nitrogen." 

This  experiment,  the  description  of  which  is  quoted 
fi'om  my  paper  of  October,  1881,  has  been  repeated 
with  the  same  result,  but  the  fonnation  of  ammonia 
is  attributed  to  the  ferrous  ferrocyanide,  which  is 
supposed  to  give  off  a  nitrogenous  gas  when  kept 
suspended  in  water,  this  gas  yielding  ammonia  by 
union  with  hydrogen  in  presence  of  spongy  platinum. 
The  only  reason  given  for  this  hypothesis  is  that  more 
ammonia  was  formed  the  longer  the  gas  stood  over  the  water 
in  which  the  ferrous  ferrocijanide  was  susjjended.  My 
answer  to  this  criticism  is  that  I  have  obtained  the 
same  results  when  the  nitrogen  was  kept  over  water 
holding  ferrous  hydrate  in  suspension. 

I  have  made  nimierous  experiments  on  the  action 
of  electricity  of  high  tension  upon  nitrogen  and  upon 
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nitrogen  mixed  with  hydrogen,  the  general  results  of 
which  I  will  now  recapitulate. 

Firstly,  I  soon  fomid  that  recently-heated  nitrogen 
gives  no  ammonia  when  mixed  with  hydrogen  and 
2)cmed  through  an  induction-tube  as  in  Mr.  Donkin's 
experiment.  If  confined  in  an  induction-tube  for  some 
hours  and  exposed  to  the  silent  discharge,  ammonia  was 
formed,  but  not  by  a  transient  exposure  to  the  electric 
current. 

After  standing  for  some  hours  over  water,  however — 
a  precaution  which  Mr.  Doukin  expressly  mentions, 
though  Avith  a  different  object — the  mixed  gases  in- 
variably yield  ammonia  in  the  induction-tube. 

Secondly,  when  atmospheric  nitrogen  mixed  with 
hydrogen  has  stood  over  water  (holding  feiTous 
hydrate  in  suspension)  for  many  hom-s,  and  is  then 
passed  through  (1)  a  tube  containing  cold  spongy 
platinum,  (2)  bulbs  containing  strong  sulphuric  acid, 
(3)  an  induction-tube,  and  (4)  bulbs  containing  Nessler 
reagent,  no  ammonia  is  formed  in  the  induction-tube; 
but  if  the  tube  containing  the  spongy  platinum  be 
removed,  ammonia  is  formed  in  the  induction-tube. 

My  explanation  of  Mr.  Donkin's  sjmthesis  of 
ammonia  is  that  the  ammonia  was  formed  hi/  active 
nitrogen  produced  in  small  quantity  during  the  storage  of 
the  gas  over  water  with  hijdrogen — a  precaution  essential 
to  the  success  of  the  experiment.  The  fonnation  of 
the  ammonia  was  prevented  by  the  insertion  of  the 
spongy  platinum  between  the  gas-holder  and  the  in- 
duction-tube, because  the  spongy  platinxmi  effected  the 
combination  of  the  active  nitrogen  present  in  the  gas 
Avith  hydrogen,  even  at   the  ordinary  temperature. 
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so  that  the  mixture  which  entered  the  induction-tube 
then  consisted  only  of  hydi'ogen  and  inactive  nitrogen, 
which  gases  cannot  be  made  to  combine  by  a  tmmitory 
application  of  the  silent  discharge  of  electricity. 

I  believe,  therefore,  that,  under  certain  conditions, 
small  quantities  of  active  nitrogen  are  formed  in  the  gas 
of  our  atmosj^here,  though  I  have  not  yet  succeeded  in 
obtaining  large  quantities  thereof. 

I  am  in  hopes  that  the  statement  which  is  still  com- 
mon in  the  books,  that  "  the  synthesis  of  ammonia  by 
the  direct  union  of  its  elements  has  never  yet  been 
effected,"  will  soon  be  discontinued,  for  I  have  succeeded 
in  effecting  the  coiii2)lete  synthesis  of  a.  mixture  of 
nitrogen  and  hydrogen  by  a  simple  experiment  which 
I  will  now  describe. 

Into  an  ordinary  eudiometer  tube,  full  of  mercmy, 
piure  nitrogen  gas — obtained  by  any  method,  either 
from  the  atmosphere  by  red-hot  copper,  or  from  am- 
moniiun  nitrite — is  introduced  and  measiu'ed.  Next 
admit  three  times  its  volume  of  pm-e  hydrogen  gas,  and 
introduce  into  the  gaseous  mixtui'e  a  fragment  of  wood- 
charcoal  previously  ignited  in  hydrogen  gas,  or  better, 
in  a  mixture  of  three  volumes  of  hydi'ogen  with  one 
volume  of  nitrogen  gas.  Now  pass  the  spark  con- 
tinuously through  the  Avires  of  the  eudiometer.  About 
four  to  six  cubic  centimetres  of  the  mixture  are  com- 
bined and  absorbed  by  the  charcoal  per  hour,  until  finally 
the  whole  of  the  gas  may  be  made  to  disappear ;  after 
which,  if  the  charcoal  be  removed,  it  will  be  found 
impregnated  with  ammonia. 

This  experiment  not  only  puts  the  possibiHty  of  the 
synthesis  of  ammonia  from  the  direct '  union  of  its 
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elements  beyond  question,  but  it  also  explains  Deville's 
observation  that  tbe  dissociation  of  ammonia  by  a  series 
of  electric  sparks  is  never  perfect.  After  a  certain  time 
the  dissociation  and  re-combination  proceed  pari  pcCmi, 
and  tbe  gaseous  mixture  of  nitrogen,  hydrogen,  and 
ammonia  remains  of  uniform  composition.  In  presence 
of  any  absorbent  for  ammonia,  continuous  combination  is 
effected,  tiU  all  the  nitrogen  and  hydrogen  have  been 
converted  into  NHg. 

I  contend,  therefore,  that  the  restdts  of  the  researches 
recorded  above  form  a  complete  confirmation  of  the 
accuracy  of  the  various  observations  detailed  in  my 
papers  read  before  the  Chemical  and  Royal  Societies, 
including  those  not  published  in  their  Transactions. 
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